SUMMARY Electromyographic responses to stretches of hand muscles (first dorsal interosseus) and leg muscles (triceps surae, tibialis anterior) were investigated in patients with cerebellar disorders of different locations. Stimuli consisted of short dorsiflexions of the index finger during background force and in tilting (toe up) of a movable platform on which the subject stood. The most important findings were increased long latency responses in upper and lower extremities. For hand muscles it was the late part of the long latency complex, which was increased. For leg muscles it was the long latency response in the anterior tibialis muscle, the antagonist of the stretched triceps surae. The medium latency response in the triceps surae was unaffected. Latencies of the early segmental reflexes and the long latency responses were normal except for cases with peripheral neuropathy (moderate increase in latency of all EMG responses) and diseases affecting both the peripheral nerves and the dorsal columns (for example Friedreich's ataxia). The latter leads to a pronounced delay of the short latency response and a massive delay of the long latency complex in the first dorsal interosseus and of the long latency response in the anterior tibialis muscle. Material and methods EMG responses were evoked in the first dorsal interosseus muscle (FDI) using short imposed stretches under otherwise isometric conditions. The general procedure has been described before3 and will only be briefly mentioned here. Short triangular stretches (rise time 6 ms, transient time 20 ms) were applied to the index finger with the help of a lever, on which the subject exerted a constant force of 10% maximum. The lever was coupled to an electromagnetic vibrator 71
The occurrence of long latency electromyographic (EMG) responses after limb perturbations is well established in man,'`3 but the pathway responsible for these responses is still debated.4 5 Based on clinical evidence there are several reasons to assume a supraspinal origin, at least for responses recorded from distal hand muscles.3 6 If so, the question arises, which supraspinal structures are engaged in the transmission of long latency responses. In monkeys precentral corticospinal neurons respond to limb perturbations with short latencies, which suggests a direct loop via the sensorimotor cortex.78 Nevertheless, an additional cerebellar contribution to the later part of the long latency complex was considered by Lee and Tatton.9 This assumption is supported by two results obtained in monkeys: (1) Four of these patients suffered from an olivo-pontocerebellar atrophy, a disease which affects multiple neural systems including the dorsal columns, the cerebellum, the olivary and pontine nuclei, the substantia nigra, the thalamus and the cortex. Again ataxia of stance and gait was prominent, but also modest signs of ataxia of the lower extremities were present. The coordination of the upper Friedemann, Noth, Diener, Bacher extremities was normal. Four patients had diffuse atrophies of unknown origin and three toxic atrophies. These seven patients were clinically affected with mild ataxia both of stance and gait and of arm. Imposed displacements of the index finger often evoke three separable EMG responses in the stretched muscle. According to Lee and Tatton,2 the responses were labelled M l-M3. In our paradigm, the first (Ml) response appeared with a mean latency of 33-3 + 3-7 ms. The mean duration was 16-4 + 4-4 ms, the mean integral 4-3 + 2-5 arbitrary units. In hand muscles it was often impossible to separate clearly M2 from M3, therefore the M2/3 complex was taken as a whole. The latency of this M2/3 complex was 60-2 + 6-9 ms, the integral 7-9 + 4-0 arbitrary units.
Platform movement toe up evokes short and medium latency responses in the stretched triceps surae (TS) and long latency responses in the antagonistic anterior tibialis (TA) muscle."5 The latency of the short latency response in the triceps surae was 42-9 + 3-4 ms, the latency of the ML response 92-3 + 7-6 ms. The durations were 24 1 + 5-1 ms and 24-2 + 6 5 ms and the integrals 12 0 + 4 2 and 12-5 + 5 2 arbitrary units, respectively. As the medium latency responses are absent in about 25% of normals a missing medium latency response in the triceps surae muscle thus cannot be regarded as pathological. The long latency responses in the antagonistic anterior tibialis muscle appeared with a mean latency of 11 
Diffuse cerebellar lesions
This group of patients (n = 1 1) showed no consistent results. This is not surprising since different central systems are involved in the pathological process. The only notable finding was an increase of the M1 integral (first dorsal interosseus muscle) in the four patients with olivo-ponto-cerebellar atrophy, which corresponds to the pyramidal lesion in this degenerative disease.
Friedreich's ataxia The most striking finding in the EMG responses of the hand muscles was a massive delay or absence of the M2/3 complex in nearly all patients (fig 4) . With one exception the spinal M1 component was clearly distinguishable in hand muscles, but the latency was delayed in 50% of the patients due to the associated neuropathy. The short latency and medium latency responses were mostly abolished in leg muscles. In the anterior tibial muscle a prolonged and slowly rising increase in the EMG activity was observed (fig 4) . Figure 5 shows the frequency of pathological results regarding the integrals of the different EMG responses. For lesions of the cerebellar hemispheres and of the lower vermis the most frequent pathological result was The early spinal components (Ml of the first dorsal interosseus muscle, short latency of the triceps surae muscle) showed no major alterations in patients with cerebellar lesions regarding size and latency, as long as the peripheral nerves were intact. This finding indicates the regular excitability of spinal alphamotoneurons in these patients. This result corresponds to the normal tendon jerks in subacute and chronic cerebellar diseases. Patients with recent cerebellar lesions may exhibit hypotonia and reduced tendon jerks.'7 Cases of this kind were not included in the study.
The question arises whether M2 responses in hand and finger muscles and medium latency responses in leg muscles are analogous. At least for muscles controlling the fingers, a supraspinal pathway can be assumed,36 (for review see reference 4). The evidence for a supraspinal pathway being involved in the generation of the medium latency response in the triceps surae muscle is much weaker.'8 The lack of an increase in latency of the medium latency response in patients with multiple sclerosis,'9 who exhibit a clear Nashner20 who investigated these reflexes in leg muscles under varying functional conditions (linear displacement of the platform versus angular displacement) found that normal subjects were able to alter quickly their motor strategy following new demands. Thereby, the posture-stabilising or destabilising response at about 120 ms (functional stretch reflex), was facilitated or adapted during the test sequence, according to the specific functional requirements. The relatively short and stable latency of this response excluded that "voluntary" reactions were responsible. The observation that patients with cerebellar lesions lost their ability to adapt "long latency reflex gain following changes in the stance task" indicates that the cerebellum is engaged in the control of these EMG responses. 20 However, the latency of Nashner's functional stretch reflex in the stretched triceps surae muscle was 100-120 ms and that of the posture-stabilising response in the anterior tibialis muscle was 180 ms.21
The latency of Nashner's functional stretch reflex compares well with the mean latency of 113 ms observed in our paradigm for the posture-stabilising TA response. The reason for the discrepancy of latencies of the stabilising tibialis anterior response remains unclear. We found normal responses in our patients with cerebellar lesions, which argues against an analogy of our medium latency response with the functional stretch reflex response observed by Nashner.20 The fact that Nashner did not observe the medium latency response in the stretched muscle may be due to the low rotational velocity of 80/s imposed in his experiments.20 A positive correlation between platform acceleration and integrated activity of the response in the triceps surae supports this assumption.18 22 In hand muscles, medium and long latency responses were usually not separable in our motor paradigm. Some subjects, however, exhibited reproducible M3 responses following the M2 response with a delay of about 12 to 15 ms,3 the steep increase of which excludes a "voluntary" reaction. Patients with lesions of the cerebellar hemispheres showed enhanced responses just at these latencies. Thus, in analogy to the leg muscles, it is probably a pre-existing response, which is enhanced in patients with hemispheric lesions. The absence of a distinct long latency response in the first dorsal interosseus muscle of most of the healthy subjects may be due to the particular motor task selected in our study. In contrast to the platform tilt, there is no functional demand to respond to the short finger displacement with an increased force output. 
